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MEMORY OUTPUT CIRCUIT AND METHOD
THEREOFK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to an output circuit of a memory and
a method thereot; and more particularly, to an output circuit
and method thereof for a static random access memory
(SRAM).

2. Description of the Related Art

Most memory data 1s 1n the form of binary bits and each bit
1s stored 1n a memory cell as O or 1. The memory cells are
arranged 1n a rectangular matrix and form the principle part of
the memory. Belore writing data to a specific memory cell,
the memory cell 1s selected by an address latch circuit, and the
bit 1s then written into the memory cell. Before data 1s read
from a specific memory cell, the memory cell 1s selected by
the address latch circuit, and the bit stored in the memory cell
1s then output in the form of current or voltage through the
output circuit. Because the current or voltage output from the
memory cell 1s very weak, 1t 1s amplified by a current or
voltage amplifier to the level of standard digital signal
strength.

Static random access memory (SRAM) remains data
therein as long as power 1s supplied, unlike dynamic random
access memory (DRAM), which requires periodic refreshing,
with access time of a SRAM less than that of a DRAM. Thus,
SRAM 1s often used as cache memory, or as part of the
random access memory of a digital to analog converter 1n a
graphics card.

The performance a SRAM 1s determined by the access time
for determining the operating speed of the memory and a
controller or a central processing unit as a whole. Because
there are thousands of SRAM cells connected to a single
output circuit, a great number of parasitic capacitors are gen-
erated. Since the driving ability of a SRAM cell 1s weak, the
latency caused by the parasitic capacitors 1s a factor atfecting
the access time of a SRAM. Thus, an output circuit capable of
reducing the SRAM access time to increase the performance

of the SRAM 1s desirable.

BRIEF SUMMARY OF THE INVENTION

The mvention provides an output circuit of a memory. The
output circuit 1s biased between a voltage source of a logic
high level and a ground, the output circuit 1s connected
between a plurality ofreadout bit lines and an output terminal,
and each of the readout bit lines 1s connected to at least one
memory cell, the output circuit includes: at least one first
pre-charge circuit, connected to a target readout bit lines of a
target memory cell, pre-charging the voltage of target the
readout bit line to logic high level according to a pre-charge
signal before reading data from the target memory cell. A
multiplexer, connected to the first pre-charge circuit; and a
sense amplifier, connected to the multiplexer, detecting the
voltage of the target readout bit line while the target memory
cell 1s selected, and comparing the voltage of the target read-
out bit line with the logic high level to generate an output
signal to a first output node and an mnverse output signal to a
second output node. Wherein the multiplexer selects the tar-
get readout bit line according to a selecting signal and the
target readout bit line 1s connected to the sense amplifier;
wherein the target readout bit line 1s one of the plurality of the
readout bit lines.

A method for outputting a data of a target memory cell
from a memory, wherein the target memory cell corresponds
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to a target readout bit line and the target readout bit line 1s one
ol a plurality of the readout bit lines The method includes:
pre-charging of the voltages of the readout bit lines to logic
high level; selecting the target memory cell and outputting the
voltage of the target memory cell to the target readout bit line;
detecting the voltage of the target readout bit line; and com-
paring the voltage of the target readout bit line and a source
voltage of logic high level to generate a output signal and an
iverse output signal on a first output node and a second
output node, wherein the mverse output signal 1s mverted to
the output signal.

A detailed description 1s given 1n the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 1s a circuit diagram of a SRAM cell;

FIG. 2 1s a circuit diagram of an output circuit of a SRAM;

FIG. 3 1s a circuit diagram of an output circuit of a SRAM
according to the invention;

FI1G. 4(a) shows the timing sequence of a pre-charge signal
PRE in FIG. 3 and the voltage of a read word line;

FIG. 4(b) shows the timing sequence of the voltage of a
read bit line 1n FIG. 3;

FIG. 4(c) shows the timing sequence of a sense amplifier
activation signal SAC 1n FIG. 3; and

FIG. 4(d) shows the timing sequence of an output signal of
the output circuit in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

The following description 1s made for the purpose of 1llus-
trating the general principles of the mvention and should not
be taken 1n a limiting sense. The scope of the mnvention 1s best
determined by reference to the appended claims.

FIG. 1 1s a memory cell 100 which 1s a dual port memory
with eight transistors (8T1) and a single output terminal. A
memory circuit includes a plurality of memory cells arranged
in a matrix. The transistors include pull-up transistors 112 and
116, pull-down transistors 114 and 118, pass gate transistors
122 and 124, and readout port transistors 126 and 128. The
pull-up transistors 112 and 116 are PMOS ftransistors, the
pull-down transistors 114 and 118, the pass gate transistors
122 and 124, and the readout port transistors 126 and 128 are
all NMOS ftransistors. In the present invention, the memory
cell 1s a SRAM cell.

Sources of the pull-up transistors 112 and 116 are respec-
tively connected to a voltage source Vdd. Drain of the pull-up
transistor 112 1s connected to the source of the pass gate
transistor 124, the drain of the pull-down transistor 114, and
the gate of the pull-up transistor 116. Similarly, the drain of
the pull-up transistor 116 1s connected to the source of the
pass gate transistor 122, the drain of the pull-down transistor
118, and the gate of the pull-up transistor 112. The gate of the
pull-up transistor 112 1s connected to the gate of the pull-
down transistor 114; and the gate of the pull-up transistor 116
1s connected to the gate of the pull-down transistor 118 and
the gate of the readout port transistor 126. The sources of the
pull-down transistors 114 and 118 are grounded, the source of
the readout port transistor 126 1s also grounded.

The drains of the pass gate transistors 122 and 124 are
respectively connected to the write bit line WBL and the
complementary write bit line WBL. The gates of the pass gate
transistors 122 and 124 are respectively connected to the
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write word line WWL. The readout port transistors 126 and
128 are series connected between the ground and the readout
bit line RBL; and the gate of the readout port transistors 128
1s connected to the readout word line RWL. The write bit line
WBL, the complementary write bit line WBL, the write word
line WWL, the readout bit line RBL, and the readout word
line RWL may be extended to other memory cells or other
devices such as a row and column latch, a decoder, a select
driver, a control logic circuit, a sense amplifier, a multiplexer,
or a buffer.

The output circuit of a memory circuit includes a multi-
plexer which decodes the address of a target memory cell to
generate a selecting signal for selecting the corresponding
output of the target memory cell. The output circuit also
includes a sense amplifier, the multiplexer 1s coupled to the
output terminal of the sense amplifier for selecting a corre-
sponding output to the target memory cell.

FI1G. 2 1s an output circuit 200 of a memory circuit accord-
ing to the present invention. The output circuit 200 includes a
first pre-charge circuit 204, a second pre-charge circuit 208, a
sense amplifier 206, a latch circuit 210, and an iverter 211.
The transistors 212, 214, 218, 230, 232 and 234 are PMOS
transistors, and the transistors 216, 220, 222, 224 and 226 are
NMOS transistors. The input terminal of the output circuit
200 1s the readout bit line RBL connected to the output ter-
minals of a plurality of SRAM circuits. Due to the large
number of memory cells connected to the readout bit line
RBL, a large parasitic capacitor which can be represented
with a parasitic capacitor 202 coupled between the readout bit
line RBL and the ground as shown in FIG. 2.

Data stored in the memory cell 100 of FIG. 1 may be O or
1, and the voltage at the node 130 1n FIG. 1 may be logic high
level or logic low level depending on data stored in the
memory cell 100. It the voltage of node 130 1s at logic high
level, the readout port transistor 126 1s turned on; otherwise
the readout port transistor 126 1s turned off. IT a SR AM circuit
100 1s ready to be read, the readout bit line RBL 1s charged to
logic high level (ex. Vdd) through the first pre-charge circuit
204 belore reading data. During charging the readout bit line
RBL, a pre-charge signal PRE 1s pulled down to logic low
level (ex. ground) to turn on the PMOS transistor 312, and the
readout bit line RBL 1s then charged to logic high level (ex.
Vdd). At the same time, the pre-charge signal PRE 1n the
second pre-charge circuit 208 1s also pulled down to logic low
level (ex. ground) to turn on the PMOS transistors 230, 232
and 234. The voltages oTnodes 242 and 244 are then pulled up
to logic high level (ex. Vdd). The two inverse output terminals
of the sense amplifier 206 and the two imnverse input terminals
of the latch circuit 210 are respectively connected via the
nodes 242 and 234. After completely charge the readout bit
line RBL, the pre-charge signal PRE connected to the gate of
the PMOS transistor 212 1s pulled up to logic high level to turn
off the PMOS transistor 212. The PMOS transistors 230, 232
and 234 are then turned oif since the pre-charge signal PRE
has been pulled up to logic high level, resulting 1n disconnec-
tion of the nodes 242 and 244. The voltage of the readout word
line RWL of the selected SRAM circuit 100 1s then pulled up
to logic high level to turn on the readout port transistor 128.

It the voltage at the node 130 1s at logic high level, the
readout port transistors 126 and 128 are turned on. Because
the source of the transistor 126 1s grounded, the voltage of the
readout bit line RBL 1s pulled down to the ground voltage.
However, due to the presence of the parasitic capacitor 202,
voltage drop of the readout bit line RBL 1s delayed. The sense
amplifier 206 compares the voltages at the gates of the two
differential mput transistors 222 and 224 to output two
inverse voltages at the nodes 242 and 244. Because the volt-
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age of the readout bit line RBL drops slowly, the sense ampli-
fier 206 should be properly activated when the gate voltage of
the NMOS transistor 222 1s dropped enough for the sense
amplifier 206 to correctly detect without delaying the access
time too much. The sense amplifier 206 could be activated by
pulling up the voltage of the sense amplifier activation signal
SAC to logic high level to turn on the NMOS transistor 226.
I1 the sense amplifier activation signal SAC 1s pulled up to the
logic high level at an appropriate time, the sense amplifier 206
outputs the low voltage at the node 242 and the high voltage
at the node 244.

The latch circuit 210 includes the NAND gates 236 and
238. The latch circuit 210 detects the output voltages of the
sense amplifier 206 at nodes 242 and 244. The latch circuit
210 also latches and outputs the high voltage, inversed to the
voltage at the node 242. The mverter 211 then inverts the
output of the latch circuit 210 and outputs the low voltage at
the output terminal OUT.

If the voltage at the node 130 1s at logic low level, the
readout port transistor 126 1s turned ofl. Thus, the Voltage of
the readout bit line RBL couldn’t be pulled down through the
readout port transistors 126, and 1s still maintained at the logic
high level after the readout bit line RBL 1s pre-charged.
Because the gate voltages of the differential input transistors
222 and 224 are both at the logic high level, the sense ampli-
fier 206 couldn’t produce a correct output. To solve this
problem, the gate width of the differential input transistor 222
1s extended. For example, the gate width of the input transistor
222 might be 1.5 times as long as that of the input transistor
224. Thus, when the gates of the differential input transistors
222 and 224 are both connected to the same high voltage (ex.
Vdd), due to the input transistor 222 has lower gate resistance,
he drain of the input transistor 222 has more capability to pull

{
down the voltage than the mput transistor 224. Therelore,
C
{

Irain voltage of the transistor 216 1s low, and drain voltage of
he transistor 220 1s high. When the sense amplifier 206
detects the logic high level at the readout bit line RBL, a low
voltage at the node 244 1s output. The latch circuit 210 then
detects the output voltages of the sense amplifier 206 at nodes
242 and 244, and then latches and outputs the low voltage,
inversed to the voltage at the node 242. Finally, the imnverter
211 inverts the output of the latch circuit 210, and outputs the
high voltage at the output terminal OUT.

FIG. 3 shows an output circuit 300 of a memory circuit
according to the present invention. The output circuit 300 1s
coupled to a plurality of read bit lines RBLs, and the number
of the read bit lines 1s depended on the number of column of
the connected memory cell which addresses 1s decoded by the
multiplexer. The output circuit 300 includes a plurality of first
pre-charge circuit 304, a second pre-charge circuit 308, a
multiplexer 302, a sense amplifier 306, a latch circuit 310, and
an inverter 311. The number of the first pre-charge circuits 1s
depended on the number of the readout bit lines RBLs; and
the number of the connected readout bit lines RBLs 15 sub-
stantially equal to the number of the column of the connected
memory cells. Due to a large number of memory cells are
connected, a parasitic capacitance delaying the voltage
changing speed of the read bit lines 1s generated. In the
embodiment, assume that there are four columns ot the con-
nected memory cells; therefore the number of readout bit
lines RBLs 1s also four.

An 1nput terminal of the output circuit 300 1s connected to
a plurality of readout bit lines RBLs; and each readout bit line
RBL 1s connected to at least one memory cells. When a target
memory cell of the memory circuit 1s needed to be read, the
read bit line corresponding to the target memory cell 1s
selected according to a selecting signal obtained by decoding
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the column address of the target memory cell. In the present
invention, four readout bit lines RBLL1, RBL2, RBL3, and

RBL4 are connected to the mput terminals of the output
circuit 300, as shown 1n FIG. 3.

The mvention provides four first pre-charge circuits 304 A,
304B, 304C, and 304D, respectively connected to the readout

bit lines RBL1, RBL2, RBL3, and RBL4. Each first pre-

charge circuit includes a PMOS transistor coupled between a
voltage source Vdd and the corresponding readout bit line,
such as the PMOS transistors 312A, 3128, 312C, and 312D.
According to the pre-charge signal PRE received by the gates,
the PMOS transistors 312A, 312B, 312C, and 312D are
respectively turned on to conduct the voltage source Vdd to
the readout bit lines RBLL1, RBL.2, RBL3, and RBL 4.

The multiplexer 302 includes the input selection transistors
323A~323D {for selecting one of the read bit lines

RBL1~RBL4 to connected to the sense amplifier 306. The
input selection transistors 323 A~323D are NMOS transistors
connected between the mput node 346 and the differential
input transistors 322A~322D. The gates of the input selection
transistors 323 A~323D are respectively connected to one of
the selecting signals S1~54, obtained by decoding the column
address of the target memory cell and 1dentifies one of the
readout bit lines as the 1nput of the sense amplifier 306.

The sense amplifier 306 includes the NMOS transistors
316, 320, 322A~322D, 324, and 326, and the PMOS transis-
tors 314 and 318. The transistor 326 1s connected between an
input node 348 and the ground; and the gate 1s connected to a
sense amplifier activation signal SAC, which can enable or
disable the sense amplifier 306. Each of the differential input
transistors 322A~322D 1s connected between the source of
one of the mput selection transistors 323A~323D and an
input node 348; and the gates are connected to one of the
readout bit lines RBLL1~RBL4. The differential input transis-
tor 324 1s connected between the source of the NMOS tran-
sistor 320 and the imnput node 348; and the gate 1s connected to
the voltage source Vdd. Both of the gates of the PMOS tran-
sistor 314 and the NMOS transistor 316 are connected to the
output node 342. In addition, the drains of the PMOS transis-
tor 318 and the NMOS transistor 320 are also connected to the
output node 342. Both of the gates of the PMOS transistor 318
and the NMOS transistor 320 are connected to the output
node 344. In addition, the drains of the PMOS transistor 314
and the NMOS transistor 316 are also connected to the output
node 344. The output nodes 342 and 344 are two inverse
outputs of the sense amplifier 306. The sources of the PMOS
transistors 314 and 318 are connected to the voltage source
Vdd, and the source of the NMOS transistor 316 1s connected
to the output node 346.

The second pre-charge circuit 308 includes the PMOS
transistors 330, 332, and 334. The PMOS transistor 330 1s
connected between the voltage source Vdd and the output
node 342. The PMOS transistor 332 1s connected between the
voltage source Vdd and the output node 344. The PMOS
transistor 334 1s connected between the output nodes 342 and
344. Gates of the PMOS transistors 330, 332, and 334 are
connected to a pre-charge signal PRE, which pulls up the
voltages of the output nodes 342 and 344 to the voltage source
Vdd. The latch circuit 310 includes the NAND gates 336 and
338. The latch circuit 310 detects and latches the output
voltages of the sense amplifier 306 at the output nodes 342
and 344. The two mput terminals of the NAND gate 336 arc
respectively connected to the output node 342 and the output
terminal of the NAND gate 338, and the two mnput terminals
of the NAND gate 338 are respectively connected to the

10

15

20

25

30

35

40

45

50

55

60

65

6

output node 344 and the output terminal of the NAND gate
336. The inverter 311 1s connected to the output terminal of
the NAND gate 336.

Data stored 1n the memory cell 100 of FIG. 1 may be O or
1, and the voltage at the node 130 1n FIG. 1 may be logic high
level or logic low level depending on data stored in the
memory cell 100. It the voltage of node 130 1s at logic high
level, the readout port transistor 126 1s turned on; otherwise
the readout port transistor 126 1s turned off.

Assume the memory cell 100 1s read, and the readout port
transistor 128 of the memory cell 100 1s assumed to be con-
nected to the readout bit line RBL4. Belore the data of the
memory cell 100 1s read, the readout bit line RBL4 1s charged
to logic high level (ex. voltage source Vdd) through the first
pre-charge circuit 304D. During charging the read bit line
RBL4, the pre-charge signal PRE 1s pulled down to logic low
level (ex. ground) to turn on the PMOS transistor 312D, and
the readout bit line RBL4 1s then charged to logic high level.
At the same time, the pre-charge signal PRE in the second
pre-charge circuit 308 1s also pulled down to logic low level
(ex. ground) to turn on the PMOS transistors 330, 332 and
334, and the voltages of nodes 342 and 344 are then pulled up
to the logic high level. The two mverse output terminals of the
sense amplifier 306 and the two mnverse input terminals of the
latch circuit 310 are respectively connected via the output
nodes 342 and 334. After the readout bit line RBL4 1s charged
completely, the pre-charge signal PRE applied to the gate of
the PMOS transistor 312D 1s pulled up to logic high level to
turn off the PMOS transistor 312D. The PMOS transistors
330, 332 and 334 are also turned off due to the pre-charge
signal PRE being pulled up to logic high level, resulting 1n
disconnection of the nodes 342 and 344. The voltage of the
readout word line RWL of the target memory cell 100 1s then
pulled up to logic high level to turn on the readout port
transistor 128. Referring to FIG. 4(a), the pre-charge signal
PRE is first pulled up to logic high level, and the voltage on
the readout word line RWL 1s then pulled up to logic high
level.

Because four input selection transistors 323A~323D of the
multiplexer 302 are connected between the input nodes 346
and 348 of the sense amplifier 306, a selecting signal S4 1s
generated to turn on the transistor 323D, and the sense ampli-
fier 306 1s then connected to the readout bit line RBL4 con-
taining the read-out bit of the target memory cell 100. The
selecting signals S1, 82, S3, and S4, decoded according to the
column address of target memory cell 100 are assumed to be
0, 0, 0, and 1. Thus, the mput selection transistors 323 A,
323B, and 323C are turned off, and the readout bit lines
RBL1~RBL3 are separated from the sense amplifier 306.

If the voltage at the node 130 1s high, the readout port
transistors 126 and 128 are turned on. Because the source of
the transistor 126 1s grounded, the voltage of the readout bit
line RBL4 1s gradually pulled down to the ground voltage.
Due to the presence of parasitic capacitor 302, voltage drop of
the readout bit line RBL4 1s delayed as shown 1n FIG. 4(b).
The sense amplifier 306 compares the voltages at the gates of
the two differential input transistors 322D and 324 to generate
two 1nverse voltages at the nodes 342 and 344. Because the
voltage of the readout bit line RBL4 drops slowly, the sense
amplifier 306 should be activated when the gate voltage of the
NMOS transistor 322D drops enough for the sense amplifier
306 to correctly detect without delaying the access time too
much. The sense amplifier 306 could be activated by pulling
up the voltage of the sense amplifier activation signal SAC to
logic high level to turn on the NMOS transistor 326. Referring
to FIG. 4(c), 11 the sense amplifier activation signal SAC 1s
pulled up too early as shown with the dotted lines C1 to C3,
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the sense amplifier 306 outputs an erronecous logic high level
as shown with the dotted lines d1 to d3 in FIG. 4(d). Other-
wise, 1f the sense amplifier activation signal SAC 1s properly
pulled up as shown with the solid lines C4 to C8, the sense
amplifier 306 outputs a correct logic low level voltage at the
node 342 as shown with the solid lines d4 to d8 1n FI1G. 4(d),
and also outputs a voltage of logic high level at the node 344.

The latch circuit 310 1includes the NAND gates 336 and 338
tor detecting the output voltages of the sense amplifier 306 at
nodes 342 and 344. The latch circuit 310 also latches and
outputs the high voltage, inversed to the voltage at the node
342. The mverter 311 then iverts the output of the latch
circuit 310, and outputs the low voltage on the output terminal
OUT.

If the voltage at the node 130 1s at logic low level, the
readout port transistor 126 1s turned off. Thus, the voltage on
the readout bit line RBL couldn’t be pulled down through the
readout port transistors 126, and 1s still maintained at logic
high level after the readout bit line RBL 1s pre-charged.
Because the gate voltages of the differential input transistors
322D and 324 are both at logic high level, the sense amplifier
306 couldn’t produce a correct output. To solve this problem,
the gate widths of the differential nput {transistors
322A~322D and the gate widths of the selection transistors
323A~323D are extended. For example, the gate widths of
the differential input transistors 322A~322D and the gate
widths of the selection transistors 323 A~323D might be 3.5
times of the gate width of the differential input transistor 324
in length. Thus, when the gates of the differential input tran-
sistors 322A~322D and 324 are both connected to the same
voltage of logic high level (ex. Vdd), due to the cascade
equivalent resistance of the input selection transistors
322A~322D and the differential 1nput transistors
322A~322D i1s lower than the gate resistance of the differen-
tial 1input transistor 324, the drains of the differential input
transistors 322A~322D have more ability to pull down volt-
age than the differential input transistor 324. Therefore, the
drain voltage of the transistor 316 1s low, and the drain voltage
of the transistor 320 1s high. When the sense amplifier 306
detects the logic high level on the readout bit line RBL4, the
high voltage at the node 342 1s output, and the low voltage at
the node 344 1s also output. The latch circuit 310 then detects
the output voltages of the sense amplifier 306 at nodes 342
and 344; then latches and outputs the low voltage, inversed to
the voltage at the node 342. Finally, the mverter 311 1nverts
the output of the latch circuit 310, and outputs the high volt-
age on the output terminal OUT.

The ivention uses a sense amplifier 1n the output circuit of
a SRAM to amplily low-level differential signals and reduce
access time to the SRAM. The two mput terminals of the
sense amplifier are respectively connected to a voltage source
Vdd and a readout bit line. The gate width of the transistor,
connected to the readout bit line, 1s increased to reduce the
gate resistance of the transistor. Because the input character-
1stics of the sense amplifier are asymmetrical, a multiplexer 1s
coupled between one input terminal of the sense amplifier and
the readout bit line to select one of the readout bit lines as the
input of the sense amplifier. Thus, the output circuit of SRAM
can serve multiple readout bit lines, reducing the number of
the sense amplifiers, simplitying the complexity of output
circuit design. Thus, the chip area occupied by the output
circuit 1s reduced, more chips can be produced with a single
wafter, and manufacture costs are reduced.

While the invention has been described by way of example
and 1n terms of preferred embodiment, 1t 1s to be understood
that the invention 1s not limited thereto. To the contrary, 1t 1s
intended to cover various modifications and similar arrange-
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ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest mterpretation so as to encompass all
such modifications and similar arrangements.

What 1s claimed 1s:

1. An output circuit of a memory, wherein the output circuit
1s biased between a voltage source of a logic high level and a
ground, the output circuit 1s connected between a plurality of
readout bit lines and an output terminal, and each of the
readout bit lines 1s connected to at least one memory cell, the
output circuit comprising;

first pre-charge circuit, connected to a target readout bit
lines of a target memory cell, pre-charging the voltage of
the target readout bit line to logic high level according to
a pre-charge signal before reading data from the target
memory cell;

a multiplexer, connected to the first pre-charge circuit,
selecting the target readout bit line from the plurality of
the readout bit lines according to a selecting signal, and
comprising at least one 1nput selection transistor having
a gate coupled to the selecting signal and a drain con-
nected to a first input node; and

a sense amplifier, connected to the multiplexer, detecting
the voltage of the target readout bit line while the target
memory cell 1s selected, and comparing the voltage of
the target readout bit line with the logic high level to
generate an output signal to a first output node and an
inverse output signal to a second output node;

wherein the sense amplifier comprises:

a first differential input transistor, having a drain connected
to the corresponding mput selection transistor, a gate
connected to one of the readout bit lines, and a source
connected to a second input node; and

a second differential input transistor, having a gate con-
nected to a voltage source with the logic high level, and
a source connected to the second input node.

2. The output circuit as claimed 1n claim 1, wherein the
selecting signal 1s obtained by decoding an address of the
target memory cell.

3. The output circuit as claimed in claim 1, wherein the first
differential input transistors, the second differential input
transistor, and the mput selection transistors are NMOS tran-
s1stors.

4. The output circuit as claimed 1n claim 1, wherein gate
width of the first differential mput transistors and the input
selection transistors are larger than the gate width of the
second differential input transistor.

5. The output circuit as claimed 1n claim 1, wherein the gate
widths of the first differential input transistors and the input
selection transistors are substantially 3.5 times of the gate
width of the second differential input transistor in length.

6. The output circuit as claimed 1n claim 1, the sense
amplifier further comprising:

a first PMOS transistor, wherein the source 1s connected to
the voltage source, the drain 1s connected to the second
output node, and the gate 1s connected to the first output
node;

a second PMOS transistor, wherein the source 1s connected
to the voltage source, the drain 1s connected to the first
output node, and the gate 1s connected to the second
output node;

a first NMOS transistor, wherein the source i1s connected to
the first input node and connected to the mnput selection
transistor through the first input node, the drain 1s con-
nected to the second output node, and the gate 1s con-
nected to the first output node and the second output
node;
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a second NMOS transistor, wherein the source 1S con-
nected to the drain of the second differential input tran-
sistor, the drain 1s connected to the first output node, and
the gate 1s connected to the second output node; and

a third NMOS transistor, wherein the source 1s connected
to the second 1nput node, the drain 1s connected to the
ground, and the gate 1s connected to a sense amplifier
activation signal; wherein the sense amplifier 1s acti-
vated by the sense amplifier activation signal.

7. The output circuit as claimed 1n claim 1, wherein the
output circuit further comprising a second pre-charge circuit,
connected between the first output node and the second out-
put node, pre-charging the voltage of the first output node and
the voltage of the second output node to logic high level
betore the target memory cell 1s selected.

8. The output circuit as claimed 1n claim 7, wherein the
second pre-charge circuit comprises:

a third PMOS transistor, wherein the source 1s connected to
the voltage source, the drain 1s connected to first output
node, and the gate 1s connected to the pre-charge signal
for pulling up the voltage of the first output node;

a fourth PMOS transistor, wherein the source 1s connected
to the voltage source, the drain 1s connected to the sec-
ond output node, and the gate 1s connected to the pre-
charge signal for pulling up the voltage of the second
output node; and

a fifth PMOS transistor, wherein the source 1s connected to
the first output node, the drain 1s connected to the second
output node, and the gate 1s connected to the pre-charge
signal for connecting the first output node and the sec-
ond output node via the conducting fifth PMOS.

9. The output circuit as claimed 1n claim 1, wherein the first
pre-charge circuit comprises a sixth PMOS transistor, con-
nected between the voltage source of logic high level and the
target readout bit line; the gate of the sixth PMOS transistor 1s
connected to the pre-charge signal for pulling up the target
readout bit line to the logic high level.
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10. The output circuit as claimed in claim 1, wherein the
memory 1s a static random access memory (SRAM).

11. The output circuit as claimed 1n claim 1, wherein each
of the memory cells comprises:

a first readout port transistor connected to one of the read-
out bit lines, wherein the gate of the first readout tran-
sistor 1s connected to a read word line; and

a second readout port transistor, wherein the source of the
second read port transistor 1s connected to the ground
voltage, and the gate voltage 1s determined by the data of
the connected memory cell;

wherein the first readout port transistor 1s conducted by the
readout word line for the connection of the readout bit
line and the drain of the second readout port transistor;
the target memory cell 1s selected while the correspond-
ing readout word line 1s pulled up, and then due to the
logic high level of the gate voltage, the first readout port
transistor and the second readout port transistor are con-
ducted to pull down the readout bit line.

12. The output circuit as claimed 1n claim 1, further com-
prising a latch circuit, connected to the sense amplifier
through the first output node and the second output node,
storing the output signal and the mverse output signal from
the sense amplifier.

13. The output circuit as claimed 1n claim 12, wherein the
latch circuit comprising: a first NAND gate and a second
NAND gate; wherein the two input terminals of the first
NAND gate are respectively connected to the first output node
and the output terminal of the second NAND gate; the two
input terminals of the second NAND gate are respectively
connected to the second output node and the output terminal
of the first NAND gate.

14. The output circuit as claimed 1n claim 12, wherein the
output circuit further comprising an inverter, connected to the
latch circuit, inverting the output signal to the output terminal
of the output circuit.
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